The aim of this article is to present an improved training sequence for estimating the non-stationary channel impulse response used in GSMMany components of the received signal in digital communication systems arrive to the receiver antenna with different delays. These delayed signal components can cause intersymbol interference, increase BER (Bit Error Rate) and hence degrade quality of the received source information. Therefore, in order to increase the quality of received signal, every transmitted data packet contains a training sequence. However, the training sequence recommended by GSM is not the optimal method of estimating the channel impulse response. This can be clearly portrayed in a simulation performance.
INTRODUCTION
In digital cellular mobile communication systems, such as GSM (Global System for Mobile Communications), intersymbol interference which occurs due to a time-variant multipath fading must be neutralized by the application of adaptive equalizers.
A MLSE (Maximum Likelihood Sequence Estimator) represents the optimal receiver structure [1] . The MLSE receiver consists of matched filter and a Viterbi processor. The received signal is sampled and each sample is filtered through a matched filter whose parameters are approximated by training sequence. Viterbi processor equalizers estimate transmitting symbol sequence by using the Viterbi algorithm.
The number of matched filter taps depends on the maximal echo delays which in tum determine the number of states in the Viterbi processor (the number of matched filter taps for GSM is five).
GMSK MODULATION
A GMSK (Gaussian Minimum Shift Keying) [2] modulated signal can be represented as
where (}o is an initial phase, 7;, is the bit ~eriod and hi E {I, -I} are the differentially encoded data bits. In terms of the raw data bits a i E to, I} , 
(one set of eight complex signals for even n and another set of eight for odd n), where n is an arbitrary integer. The state transition trellis diagram for the GSM modulated signals is shown in fig. 2 . It should be noted that the trellis structure remains the same no matter what direction the transition comes from; from even to odd states or from odd to even states.
GSM BURST STRUCTURE AND CHANNEL ESTIMATION
The standard GSM burst structure is shown in fig. 3 . The two 57 bits data fields are separated by two control flags and a 26 bit training sequence. This training sequence is used within GSM receiver for a precision synchronization and an estimation of channel impulse response.
The estimate may be obtained for .instance by correlating the received tmining sequence with a local copy held at the receiver.
Altogether eight such sequences have been defined within the GSM recommendations [3] . These sequences have been selected based on their good autocorrelation properties and their low cross-correlation properties between one another. Each sequence is composed of three distinct subsequences X, Y and Z, with sub-sequences X and Z being used twice within the entire sequence ( fig. 4 [5] ). The middle 16 bits in the entire 26 bits GSM training sequence allow the receiver to estimate the channel impulse response using five complex taps. It is crucial to note that all sequences share the central autocorrelation function peak surrounded by five ,,0" on each side. All possible sequences have been thoroughly analyzed. The autocorrelation results are portrayed in Fig. 5 . Figure 5a presents the autocorrelation function of one of eight training sequences recommended by GSM, whereas figure 5b presents the autocorrelation function of the improved training sequence calculated between the central 16 bits. By comparing the two pictures, it can be observed that the improved autocorrelation function of training sequence is clearly better than that recommended by GSM. This can also be shown by simulation performance.
GSM RADIO LINK SIMULATION
The GSM simulation tool was designed according to ETSI (European Telecommunication Standard Institute) specifications [3] . The simulator has a flexible, modular structure in which each main GSM system element forms a basic simulation block. The simulator consists of: bits generator, channel encoder, interleaver, modulator GMSK, radio channel (with 3 propagation profiles TUx -Typical Urban, HTx -Hilly Terrain and RAx -Rural Area, where x is the vehicle speed [kmlh) [6] ), adaptive whitened matched filter, detector MLSE (with 8-state Viterbi algorithm), deinterleaver and channel decoder. Using the GSM simulator a number of packets containing the training sequence recommended by GSM and the improved version of training sequence were sent through a three channel models. The estimated BER performances for the TU50, HTIOO and RA250 channel models are shown in fig. 6 + fig. 8 .
In channels with a low dispersion of less than 5 f.JS (TV and RA profiles) a good performance for estimating the channel impulse response can be achieved by using both training sequences. However, the results are slightly better (about 0.1 + 0.3 dB) by using the new training sequence. In channels with a higher dispersion (lIT profile), however, the results are clearly better by using the new training sequence (about IdB). This can by explained by the fact that the shape of the autocorrelation function of a new training sequence resembles the shape of the autocorrelation function of white noise (better estimation channel impulse response) [7] .
SUMMARY AND CONCLUSIONS
The article evaluates two training sequences applied in digital cellular mobile communication systems for estimating the channel impulse response. It has been shown that a better sound quality may be obtained by using an improved version of training sequence than by using the training sequence recommended by GSM. Therefore, it can be argued that the training sequence used in GSM system has been not selected based on maximizing the quality of received signal through minimizing BER but rather on ensuring the maximum synchronization in the system.
